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Supplementary Text Choice of prior
For the HB analyses we used a very similar prior specification to that described in [1] .
In brief, this involved independent gamma Ga(1,1) priors for the five non-fixed exchangeability parameters, independent exponential Exp(10) priors for the branch lengths and a Gamma(10, 10) prior for the shape parameter in the discrete gamma model for across site rate heterogeneity. In the conditional prior for the branch compositions, given the topology, we chose the hyperparameters to be = 0.85 and = 0.47 for the Thermus dataset, and = 0.94 and = 0.31 for the tree of life and Archaea datasets. The justification for these choices can be found in [1] . For the rooted topology, we specified a Yule prior. This is described fully in [2] but, crucially, compared with a uniform prior over rooted topologies, the Yule prior offers less support to trees rooted on pendant edges, in keeping with our prior beliefs that root positions are likely to be deeper in the tree.
For the NR model, we used an identical prior specification for the branch lengths, rooted topology and shape parameter in the discrete gamma model for across site rate heterogeneity. In the prior for the off-diagonal elements of the rate matrix, we used the hierarchical specification outlined in [3] . For the unknown parameters in this hierarchical specification, we chose, independently, a Dirichlet Dir(1,1,1,1) prior for the composition vector, a lognormal LN(0, 0.37) prior for the transition-transversion rate ratio and exponential Exp(2.3) priors for the perturbation standard deviations, σ R and σ N .
Markov Chain Monte Carlo scheme
We used the MCMC algorithm described in Cherlin et al. (2015) to fit the NR model to the alignments. For the HB model, we used a modification of the algorithm described in [1] , omitting the data augmentation of substitutional histories, and using
Metropolis Hastings updates for all parameters. In each case, we generated 1M draws from the posterior, after a burn-in period of at least 10K samples, thinning the output to retain every 100th iterate. We diagnosed convergence of the MCMC samplers using the procedure described in [1] . This involved running two chains, initialised at different starting points, and examining diagnostic plots based on both model parameters and clade frequencies. None of the checks gave evidence of any lack of convergence. 
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Supplementary Table 1 : Root splits receiving posterior support of at least 0.05 for the Thermus-Deinococcus dataset under the NR and HB models. The root partitions the taxa into two sets that we call the root split. We estimated the posterior probability for each root split as the proportion of trees in the MCMC sample which contained that root split. For both models, the split that received the most support separated Aquifex from the other taxa. 
